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Background Natural orifice translumenal endoscopic surgery (NOTES) is a minimally invasive 19 
surgery using devices such as flexible endoscopes and linear or circular staplers. Nevertheless, 20 
hand-sewn anastomosis in NOTES remains challenging. We aimed to investigate the feasibility of 21 
transrectal robotic NOTES requiring intracorporeal small intestinal anastomosis and closure of the 22 
rectal anterior wall incision in a relevant human model. 23 
Methods We developed a 43-mm diameter flexible rectal proctoscope for transrectal robotic NOTES. 24 
Small intestinal anastomosis was performed in a porcine intestinal transrectal NOTES model using 25 
two robotic arms and a camera inserted through the proctoscope and a rectal anterior wall incision. 26 
The quality of transrectal small intestinal anastomosis using the da Vinci surgical system (transrectal 27 
robotic NOTES group) was compared with that of transabdominal anastomosis using the da Vinci 28 
surgical system (transabdominal robot-assisted surgery group) and that of transrectal anastomosis 29 
using traditional Transanal Endoscopic Microsurgery (TEM) instruments (TEM NOTES group). The 30 
quality of transrectal rectal anterior wall suturing in the transrectal robotic NOTES group was 31 
compared with that of the TEM NOTES group and that using open surgical instruments (Open 32 
group). 33 
Results We successfully performed robotic intracorporeal suturing in our porcine intestine model. 34 
During small intestinal anastomosis, burst pressure in the transrectal robotic NOTES group was 35 
similar to that in the transabdominal robot-assisted surgery group (67.7 ± 29.3 vs. 73.3 ± 18.2 mm 36 
Hg, respectively), but significantly higher than that in the TEM NOTES group (67.7 ± 29.3 vs. 20.3 37 
± 24.0 mm Hg; p < 0.01). During rectal anterior wall suturing, burst pressure was not significantly 38 
different between the transrectal robotic NOTES and the open group (149.9 ± 81.1 vs. 195.0 ± 60.5 39 
mm Hg). 40 
Conclusions We established the preliminary safety and efficacy of transrectal robotic NOTES. 41 
Further studies are required to determine the practical feasibility of this procedure. 42 
 43 




Natural orifice translumenal endoscopic surgery (NOTES) is a minimally invasive surgical 47 
procedure [1]. NOTES avoids incisions in the abdominal wall, and theoretically provides patient 48 
benefits by minimizing tissue trauma, postoperative pain, and potential wound complications [2]. 49 
Clinically, NOTES has been used for appendectomy, cholecystectomy, partial gastrectomy, and 50 
hybrid NOTES colectomy [3–8]. Experimental gastrointestinal tract surgery on swine and cadavers 51 
has also been performed [9]. Most gastrointestinal tract surgeries with NOTES are conducted with 52 
automatic anastomosis or suture instruments, and there are numerous reports on the development and 53 
use of specialized robots designed to perform surgery requiring a high degree of freedom such as 54 
intraperitoneal suturing conducted during NOTES [10–15].  55 
The da Vinci Surgical system uses articulating laparoscopic instruments with wrist motion, and 56 
is particularly useful during suturing and knot tying [16, 17]. However, reports of robotic NOTES 57 
using the da Vinci Surgical system are rare as the surgical port is limited to the umbilicus, rectum, 58 
and vagina in such procedures [18, 19]. Using the da Vinci Surgical system with transrectal robotic 59 
NOTES allows surgery that requires a high degree of freedom such as intraperitoneal suturing.  60 
In transrectal robotic NOTES, two robotic arms and one camera are inserted transrectally. This 61 
procedure is possible if a proctoscope with a slightly larger diameter and flexibility is used instead of 62 
the proctoscope typically used in Transanal Endoscopic Microsurgery (TEM). In addition, the 63 
anterior rectal wall must be securely sutured postoperatively as the surgical device is inserted 64 
intraperitoneally through a comparatively large incision in the anterior rectal wall during transrectal 65 
robotic NOTES. The aim of the present study was to examine the efficacy of robot-assisted suturing 66 
under a limited degree of freedom using two robotic instruments and a scope inserted from the 67 
rectum through the new proctoscope, and to assess the feasibility of secure closure of the rectal 68 
anterior wall incision in transrectal robotic NOTES using the da Vinci surgical system in a porcine 69 
intestine model. 70 
71 
 4 
Materials and Methods 72 
 73 
Study design 74 
 75 
This study used porcine viscera to assess the feasibility of transrectal robotic NOTES. We compared 76 
the quality of small intestinal anastomosis in three groups to evaluate the effectiveness of 77 
intraperitoneal surgical operations using transrectal robotic NOTES. The three groups were the 78 
transrectal robotic NOTES group, the transabdominal robot-assisted surgery group, and the TEM 79 
NOTES group. The error actions in the procedures used for the three groups were also compared to 80 
evaluate the intraperitoneal surgical operability. In addition, rectal wall suturing within each of the 81 
three groups was compared to confirm the efficacy of the suturing operations of the rectal anterior 82 
wall using transrectal robotic NOTES. The number of experiments was 12 in each group. 83 
 All of the procedures were performed by one surgeon (YD) with the following experience: 84 
advanced general surgery, intermediate level laparoscopic surgery, novice level experimental robotic 85 
surgery with experience in suturing only, within the experiments of this study (no clinical robotic 86 
surgery), and clinically experienced in TEM surgery but at a lesser level. 87 
 88 
Transrectal NOTES model 89 
 90 
A Tuebingen MIC trainer (Richard Wolf GmbH, Knittlingen, Germany) was set on an operating 91 
table of adjustable height and angulation (15°) in the Trendelenburg position. Two segments (15–20 92 
cm) from the small bowel and one segment (20 cm) from the rectum were collected from adult pigs 93 
(50–60 kg). The pigs were cared for according to the “Guidelines for the Care and Use of Laboratory 94 
Animals” at the Takaramachi Campus of Kanazawa University. The small bowel segments were 95 
fixed at the base and middle of the Tuebingen MIC trainer 19 cm from the anal ring. One segment of 96 
the rectum (20 cm) was fixed around the anal ring where small intestinal anastomosis and suturing of 97 
the anterior rectum were performed. Because the pelvis of the MIC trainer mimics that of humans, 98 
 5 
TEM could be performed in a realistic anatomical simulation. 99 
 100 
Flexible proctoscope device for transrectal robotic NOTES 101 
 102 
Instead of a hard steel TEM proctoscope, we used a flexible flat-ended polycarbonate proctoscope 103 
(43 mm diameter, 12–16 cm length), which was purpose-built in our institution; therefore, there are 104 
no previous clinical data on this device. This proctoscope was inserted from the anal ring to the fixed 105 
porcine rectum in the Tuebingen MIC trainer. We recommend a 43 mm minimum diameter for the 106 
rectal scope used for transrectal robotic NOTES because this allows horizontal insertion of the two 107 
arms and the endoscopic camera of the da Vinci surgical system.  108 
  109 
Small intestinal anastomosis 110 
 111 
The technique used for intestinal anastomosis was the same in the transrectal robotic NOTES group, 112 
the transabdominal robot-assisted surgery group, and the TEM NOTES group, and involved 113 
side-to-side craniocaudal anastomosis with two single-layer continuous full-thickness 16 cm long 114 
sutures (3-0 Vicryl, Ethicon GmbH, Norderstedt, Germany) at the posterior and anterior walls. The 115 
surgeon began by suturing the 3 cm antimesenteric small intestinal wall incision of the previously 116 
severed small intestine, and the anastomosis was performed by tying the first craniad knot, closing 117 
the posterior wall with 3-0 Vicryl running suture, tying a second craniad knot, closing the anterior 118 
wall with another running suture (3-0 Vicryl), and finally tying the caudal knot. In cases of suture 119 
breakage or needle detachment, the participant was provided with an additional suture that was then 120 
tied to the original suture. 121 
 122 
Small intestinal anastomosis in the transrectal robotic NOTES group 123 
 124 
The da Vinci surgical system was positioned at the right side of the training box for this procedure 125 
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(Figure 1), and the motion-scaling system was set at 2:1 (normal mode). The robot was used in the 126 
transrectal robotic NOTES group and the small intestines were operated in the Tuebingen MIC 127 
trainer through the anterior rectal wall orifice (Figure 2). Two 8 mm robotic arms were inserted 128 
through the flexible scope and placed horizontally and symmetrically to the right and left, and a 12 129 
mm camera was inserted through the flexible scope and placed above the two arms. An EndoWrist 130 
large needle driver (Intuitive Surgical, Sunnyvale, CA, USA) was chosen for the right arm, and 131 
EndoWrist Cadiere forceps (Intuitive Surgical) were chosen for the left arm. 132 
  133 
Small intestinal anastomosis in the transabdominal robot-assisted surgery group 134 
 135 
The da Vinci surgical system was used in the transabdominal robot-assisted surgery group and the 136 
small intestines were operated within the Tuebingen MIC trainer. Two 8 mm trocars for the robotic 137 
arms were placed symmetrically to the right and left. A 12 mm trocar for the camera was placed 138 
above the small intestine. An EndoWrist large needle driver was chosen for the right arm, and 139 
EndoWrist Cadiere forceps were chosen for the left arm. The robot was positioned at the right side of 140 
the training box for this procedure, and the motion-scaling system was set at 2:1 (normal mode). 141 
 142 
Small intestinal anastomosis in the TEM NOTES group 143 
 144 
In the TEM NOTES group, the small intestines were operated upon using the same settings as for the 145 
transrectal robotic NOTES group. The rectum accommodated the 4 cm-diameter operating TEM 146 
proctoscope, and allowed an insertion high enough for the rigid operating instruments to reach up 147 
and over the sacral promontory. The 12 cm, flat-ended TEM proctoscope was then inserted. A 148 
modified video TEM instrumentation was used, as well as a standard endoscopic needle holder, 149 
forceps, and 30° downward-facing two-dimensional camera (Karl Storz, Tuttlingen, Germany). The 150 
camera was fixed in a passive camera holder according to the preferences of the surgeon. Knot tying 151 
was performed in the training box. 152 
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 153 
Rectal anterior wall suturing 154 
 155 
In both the transrectal robotic NOTES and TEM NOTES groups, the same technique was used for 156 
suturing the 5 cm incision of the anterior rectal wall, and involved a single-layer of full-thickness 157 
interrupted sutures (3-0 Vicryl sutures). 158 
  159 
Rectal anterior wall suturing in the transrectal robotic NOTES group 160 
 161 
The da Vinci surgical system was used in the robot-assisted group. Two 8 mm robotic arms were 162 
inserted through the flexible proctoscope and placed horizontally and symmetrically to the right and 163 
left. A 12 mm, 30° downward-facing camera was inserted through the flexible scope and was placed 164 
above the two arms. After the small intestinal anastomosis, the rectal anterior wall orifice was 165 
sutured in the surgical training box on the mucosal membrane side. The EndoWrist large needle 166 
driver was chosen for the right arm, and EndoWrist DeBakey forceps were chosen for the left arm. 167 
The motion-scaling system was set at 2:1 (normal mode) during this procedure. 168 
 169 
Rectal anterior wall suturing in the TEM NOTES group 170 
 171 
In the TEM NOTES group, the rectums were operated using the same settings as for the 172 
robot-assisted group. A standard endoscopic needle holder, forceps, and two-dimensional camera 173 
(Karl Storz) were used. The camera was fixed in a passive camera holder according to the surgeon’s 174 
preference. Knot tying was performed outside the training box. 175 
 176 
Rectal anterior wall suturing in the open surgery group 177 
 178 
The open group formed the control group. The rectal anterior wall was sutured from the serosal 179 
 8 
membrane side. 180 
 181 
Performance assessment 182 
 183 
We measured the anastomosis duration, the time required for the entire suturing process, the number 184 
of stitches, the circumference of the anastomosis, and the mean distance between stitches to assess 185 
the anastomosis quality. In addition, we examined the line of anastomosis for macroscopically large 186 
gaps between stitches (a space of > 5 mm was considered large). The TEM anastomosis procedures 187 
were compared with anastomosis procedures performed with robot-assisted suturing in terms of 188 
anastomosis duration and quality. 189 
 190 
Measurement of burst pressure during anastomosis and suturing 191 
 192 
The mechanical integrity of the anastomosis and suturing was evaluated by determining the burst 193 
pressure. In this experiment, the small intestine or rectum was connected to a pump and filled with 194 
water, and a pressure cannula was introduced into the intestinal lumen. Pressure was recorded until a 195 
sudden decline in the pressure curve occurred followed by visible leakage. The highest measured 196 
pressure was recorded as the burst pressure. 197 
 198 
Error action analysis 199 
 200 
All anastomoses in the small intestine were recorded using a digital video recorder, and an error 201 
action analysis was then performed. We counted only predefined failure actions during suturing and 202 
knotting phases as established by Ruurda et al. [20]. The predefined errors were counted and 203 
evaluated independently in the three groups. 204 
 205 
Statistical analysis 206 
 9 
 207 
Data are expressed as mean ± standard deviation (SD), and the numbers of error actions were 208 
expressed as median and range. Continuous nonparametric data were compared using the 209 
Mann–Whitney U-test and categorical data using the chi-square test. A P-value less than 0.05 was 210 
considered statistically significant. Statistical analysis was performed with SPSS ver. 16.0 (SPSS 211 




We successfully performed robotic intracorporeal suturing and knot tying using a Tuebingen MIC 216 
trainer in a porcine intestine model for transrectal robotic NOTES. All procedures in the 217 
robot-assisted groups were performed laparoscopically and the intraoperative results are shown in 218 
Table 1. Low burst pressure (< 20 mm Hg) occurred in only one experiment (No. 3) in the robotic 219 
NOTES group. This was not observed in later experiments in this group and likely reflects the 220 
learning curve. The mean burst pressures in the transrectal robotic NOTES group (67.7 ± 29.3 mm 221 
Hg) and the transabdominal robotic group (73.3 ± 18.2 mm Hg) were significantly higher than that 222 
in the TEM NOTES group (20.3 ± 24.0 mm Hg, p < 0.01); there were no differences between the 223 
robotic NOTES group and the transabdominal robotic group. The mean anastomosis duration was 224 
shorter in the robotic NOTES group (35.3 ± 10.8 min) than in the TEM NOTES group (58.1 ± 5.6 225 
min, p < 0.01), but longer in the robotic NOTES group than in the transabdominal robotic group 226 
(24.8 ± 4.1, p < 0.01). The number of stitches did not differ significantly between the three groups. 227 
The mean circumference was larger in the transrectal robotic NOTES group (71.9 ± 7.2 mm) than in 228 
the TEM NOTES group (49.6 ± 8.2 mm) (p < 0.01). There was no difference in the mean 229 
circumference between the robotic NOTES group and the transabdominal robotic group (69.2 ± 9.6 230 
mm). The number of cases in which the distance between the stitches was greater than 5 mm was 1 231 
(8.3%) in the transabdominal robotic group and 4 (33.3%) in the TEM NOTES group; however, 232 
there were no significant differences between the three groups. The location of the burst site was not 233 
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significantly different between the three groups. 234 
The results of the error action analysis are shown in Table 2. There were no significant 235 
differences in the total number of failures in the stitching and knot tying phases between the 236 
transrectal robotic NOTES group and the transabdominal robotic group, while more failures were 237 
observed in the TEM NOTES group than in the other groups. The quality and ease of performance of 238 
intracorporeal small intestinal anastomosis was not significantly different between the transrectal 239 
robotic NOTES group and the transabdominal robotic group. 240 
The results of the comparison of secure closure of the anterior rectal wall incision after 241 
transrectal NOTES and rectal wall suturing between the robotic NOTES, TEM NOTES, and control 242 
groups are shown in Table 3. During rectal anterior wall suturing, the mean burst pressure was not 243 
significantly different between the TEM NOTES group (95.5 ± 43.5 mm Hg) and the robotic 244 
NOTES group (149.9 ± 81.1 mm Hg) and between the robotic NOTES group and the control group 245 
(195.0 ± 60.5 mm Hg). Suture duration was shorter in the robotic NOTES group (18.7 ± 3.7 min) 246 
than in the TEM NOTES group (25.2 ± 1.6 min) (p < 0.01), but longer in the robotic NOTES group 247 
than in the control group (5.9 ± 0.8 min) (p < 0.01). The number of stitches did not differ 248 
significantly between the three groups. 249 
The learning curve for the transrectal NOTES procedure diminished quickly compared with that 250 
for TEM when performing the anastomosis, with the results in the first half of the experiments 251 
markedly different than those in the latter half. The learning curve for anastomosis in the TEM 252 
experiments did not diminish over the course of the 12 experiments but did diminish for the error 253 
actions. The learning curve of the error actions changed very little using the transabdominal robotic 254 
procedure and the overall operability of transrectal NOTES was similar to the transabdominal 255 




This study describes the feasibility and usefulness of transrectal robotic NOTES using the da Vinci 260 
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surgical system. The three major findings of our study were: (1) anastomotic operation of the small 261 
intestine was possible in a transrectal model using the da Vinci surgical system; (2) for 262 
intraperitoneal small intestinal anastomosis, the operability for anastomosis and the quality of 263 
anastomosis by transrectal robotic NOTES were superior to anastomosis with laparoscopic forceps, 264 
and were comparable to transabdominal robotic anastomosis; and (3) the transrectal robotic NOTES 265 
technique resulting in suturing the anterior rectal wall as effectively as open suture.  266 
In intraperitoneal small intestinal anastomosis, the operability for anastomosis and the quality 267 
of anastomosis by transrectal robotic NOTES were superior to anastomosis with laparoscopic 268 
forceps, and were comparable to transabdominal robotic anastomosis. To our knowledge, there are 269 
no reports of intraperitoneal hand-sewn anastomotic operations being performed using robots or 270 
forceps for transrectal NOTES. Anastomosis performed by a robot in laparoscopic surgeries is 271 
generally superior to those performed by forceps, particularly in transrectal cases [16, 17, 19], as a 272 
favorable operative field can be obtained by three-dimensional imaging with high resolution in the 273 
robot group. Furthermore, using an EndoWrist instrument, needle handling is accurate and fine, and 274 
the da Vinci surgical system can allow stable handling of the needle even under poor arm conditions. 275 
The motion and operability of the laparoscopic forceps in transrectal NOTES are similar to those of 276 
single-port surgery. There are only a small number of reports of single-port surgeries where the port 277 
is set in the umbilicus and the clinical usefulness has been assessed [21]. Also, there are no reports of 278 
motion and operability of the laparoscopic forceps in single-port surgery. However, this is not a 279 
surgery that requires a high degree of freedom, but only an extraction of minor organs [22, 23]. 280 
There is also only one report showing that anastomosis performed by a robot is superior to 281 
anastomosis by forceps when Nissen fundoplication is performed in a single-port surgery where the 282 
port is set in the umbilicus [24]. Anastomosis with forceps is technically difficult and unrealistic in 283 
transrectal NOTES. In our study, anastomosis in a single-port surgery using forceps was very 284 
complicated, techniques repeated several times were not stable, and anastomosis time was not 285 
shortened. In contrast, techniques and in the robot stabilized after only a small number of trials.  286 
The number of error actions also reflects the operability of laparoscopic surgical procedures 287 
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such as conventional laparoscopic instruments and other new laparoscopic surgical devices [25]. We 288 
found no significant differences in the total number of failures in the stitching and knot tying phases 289 
between the transabdominal robotic group and the robotic NOTES group, while more failures were 290 
observed in the TEM NOTES group than in the other groups. The advantages of the transrectal 291 
robotic NOTES were observed during all phases of suturing, as the da Vinci surgical system 292 
provides stable handling of the needle. The main technological advantages of this system include a 293 
true three-dimensional endoscope that provides a high-resolution binocular view of the surgical field, 294 
an EndoWrist instrument system capable of 7 degrees of freedom and 2 degrees of axial rotation to 295 
replicate human wrist-like movements and tremor filtration, and motion-scaling systems to enhance 296 
surgical dexterity. 297 
The transrectal robotic NOTES procedure allowed suturing of the anterior rectal wall with 298 
equal efficacy to open suture. Transrectal robotic NOTES requires a large incision in the anterior 299 
rectal wall for insertion of the two arms and one camera, as well as for closure by complete suture. 300 
We were able to suture the anterior rectal wall transrectally under a burst pressure equal to that with 301 
open suture. Moreover, the pressure after suturing in the rectum was 149.9 ± 81.1 mm Hg, which is 302 
comparable to reports examining other rectal suturing techniques [16, 25], and equivalent to the 303 
maximal squeeze pressure (MSP) of anorectal manometric values after TEM surgery [26]. There was 304 
no difference in the burst pressure between the TEM NOTES group and the robotic NOTES group, 305 
and the suture duration was shorter in the robotic NOTES group than in the TEM NOTES group. 306 
Diana et al. reported the feasibility of a transrectal viscerotomy closure with suturing using a TEM 307 
platform and a circular stapling technique [27]. Transrectal direct suture using a robot is a useful 308 
method for route closure in transrectal NOTES. 309 
There are two advantages of robotic NOTES using the da Vinci surgical system compared with 310 
NOTES using other newly-developed robotic devices [10–15]. First, the range of motion of the arm 311 
is wide. To perform some operations, particularly anastomotic operations, a relatively wide range of 312 
motion of the right and left arm is required, otherwise the operability decreases dramatically. Next, 313 
the position of the right and left arms is stable. A potential limitation of NOTES is that grasping the 314 
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relative position between the endoscope and the arms can be difficult, whereas grasping the relative 315 
position between the camera and arms is simple in the da Vinci surgical system. 316 
In our experiments, the Tuebinger MIC-Trainer was used instead of a pig. The anatomical 317 
differences between humans and pigs can be a major problem when investigating transrectal robotic 318 
NOTES [28]. The Tuebinger MIC-trainer allows surgeons to perform basic experimental surgery 319 
under anatomical conditions similar to that of the human body and the MIC trainer is currently used 320 
in every training course for basic and advanced laparoscopic surgery at the Tuebingen University. 321 
The design of the base of the trainer has an anatomical shape similar to that of the posterior wall of 322 
the human abdominal and pelvic cavity.  323 
Transrectal robotic NOTES requires insertion of two arms and a camera scope. A typical TEM 324 
scope is made of steel and has no flexibility, making it impossible to insert two arms and one camera. 325 
However, transrectal robotic NOTES is considered feasible when the diameter of the scope is 326 
slightly larger and the scope is retractable and flexible. We used a flexible 43 mm diameter scope as 327 
a rectal proctoscope. This system may be feasible for use in the clinical setting. 328 
The usual proctoscope diameter for TEM is 40 mm and because even this diameter is associated 329 
with transient fecal incontinence, there is concern about the increased diameter of our proctoscope. 330 
Clinical trials are needed to determine if the 3-mm increase in scope diameter will have the same or 331 
worsened effect. 332 
The surgical position in the transrectal robotic NOTES may be limited. Separate insertion of the 333 
arms and camera as for procedures on the upper body, is not possible via the anus. Therefore, there is 334 
little freedom in the arm setting, and the body of the robot and upper body of the patient interfere 335 
with each other during the procedure. The use of the da Vinci surgical system for clinical transanal 336 
resection of a tumor in the rectum was previously reported [29], and surgery was possible by 337 
offsetting the upper body of the patient to the right side of the robot’s body. Similarly, in the present 338 
study the operation was possible by offsetting the model diagonally and performing the procedures 339 
in the Trendelenburg position, which is practical in a clinical setting. 340 
To model conditions in humans, we used porcine intestinal tract to perform the anastomosis. As 341 
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previously reported, fresh porcine intestines can be used to assess the quality of the anastomosis 342 
using the burst pressure [16, 24, 30]. Fresh intestine is preferable to assess the quality of the 343 
anastomosis.  344 
Pneumoperitoneum was not assessed in the present study. However, in typical transrectal 345 
NOTES, sealing the bottom of the TEM scope and insufflating with air from the side hole of the 346 
TEM scope can promote pneumoperitoneum [28]. Establishing pneumoperitoneum is possible using 347 
a similar method in transrectal robotic NOTES.  348 
In summary, we report the preliminary feasibility of transrectal robotic NOTES in a 349 
human-shaped model using a porcine intestine model. Because of the evolution of the da Vinci 350 
surgical system there will be ongoing improvements in the range of the surgical arms, the features of 351 
the proctoscope, and the body position, which will improve the applicability of this technique. Using 352 
a flexible endoscope instead of the da Vinci surgical system endoscopic camera can reduce 353 
operability, but improves the visual field during surgery. Further studies, under similar clinical 354 
conditions using either improved models or vivisection employing pigs, are required. 355 
 356 
Acknowledgements 357 
The authors thank all members of the Department of General and Cardiothoracic Surgery of 358 




Drs. Yoshitaka Demura, Norihiko Ishikawa, Yasumitsu Hirano, Noriyuki Inaki, Aika Matsunoki, and 363 





1. Kalloo AN, Singh VK, Jagannath SB, Niiyama H, Hill SL, Vaughn CA, Magee CA, Kantsevoy 368 
SV (2004) Flexible transgastric peritoneoscopy: a novel approach to diagnostic and therapeutic 369 
interventions in the peritoneal cavity. Gastrointest Endosc 60:114-117 370 
2. Rattner D, Kalloo A, ASGE/SAGES Working Group (2006) ASGE/SAGES Working Group on 371 
Natural Orifice Translumenal Endoscopic Surgery. October 2005. Surg Endosc 20:329-333 372 
3. Horgan S, Cullen JP, Talamini MA, Mintz Y, Ferreres A, Jacobsen GR, Sandler B, Bosia J, 373 
Savides T, Easter DW, Savu MK, Ramamoorthy SL, Whitcomb E, Agarwal S, Lukacz E, 374 
Dominguez G, Ferraina P (2009) Natural orifice surgery: initial clinical experience. Surg 375 
Endosc 23:1512-1518 376 
4. Zornig C, Mofid H, Siemssen L, Emmermann A, Alm M, von Waldenfels HA, Felixmüller C, 377 
Emmermann A (2009) Transvaginal NOTES hybrid cholecystectomy: feasibility results in 68 378 
cases with mid-term follow-up. Endoscopy 41:391-394 379 
5. Sugimoto M, Yasuda H, Koda K, Suzuki M, Yamazaki M, Tezuka T, Kosugi C, Higuchi R, 380 
Watayo Y, Yagawa Y, Uemura S, Tsuchiya H, Hirano A, Ro S (2009) Evaluation for 381 
transvaginal and transgastric NOTES cholecystectomy in human and animal natural orifice 382 
translumenal endoscopic surgery. J Hepatobiliary Pancreat Surg 16:255-260 383 
6. Nakajima K, Nishida T, Takahashi T, Souma Y, Hara J, Yamada T, Yoshio T, Tsutsui T, Yokoi T, 384 
Mori M, Doki Y (2009) Partial gastrectomy using natural orifice translumenal endoscopic 385 
surgery (NOTES) for gastric submucosal tumors: early experience in humans. Surg Endosc 386 
23:2650-2655 387 
7. Lacy AM, Saavedra-Perez D, Bravo R, Adelsdorfer C, Aceituno M, Balust J (2012) 388 
Minilaparoscopy-assisted natural orifice total colectomy: technical report of a 389 
minilaparoscopy-assisted transrectal resection. Surg Endosc 26:2080-2085 390 
8. Cheung TP, Cheung HY, Ng LW, Chung CC, Li MK (2012) Hybrid NOTES colectomy for 391 
right-sided colonic tumors. Asian J Endosc Surg 5:46-49 392 
 16 
9. Mintz Y, Horgan S, Cullen J, Falor E, Talamini MA (2008) Dual-lumen natural orifice 393 
translumenal endoscopic surgery (NOTES): a new method for performing a safe anastomosis. 394 
Surg Endosc 22:348-351 395 
10. Can S, Fiolka A, Mayer H, Knoll A, Schneider A, Wilhelm D, Meining A, Feussner H (2008) 396 
The mechatronic support system "HVSPS" and the way to NOTES. Minim Invasive Ther Allied 397 
Technol 17:341-345 398 
11. Lehman AC, Dumpert J, Wood NA, Redden L, Visty AQ, Farritor S, Varnell B, Oleynikov D 399 
(2009) Natural orifice cholecystectomy using a miniature robot. Surg Endosc 23:260-266 400 
12. Spaun GO, Zheng B, Swanström LL (2009) A multitasking platform for natural orifice 401 
translumenal endoscopic surgery (NOTES): a benchtop comparison of a new device for flexible 402 
endoscopic surgery and a standard dual-channel endoscope. Surg Endosc 23:2720-2727 403 
13. Forgione A (2009) In vivo microrobots for natural orifice transluminal surgery. Current status 404 
and future perspectives. Surg Oncol 18:121-129 405 
14. Al-Akash M, Boyle E, Tanner WA (2009) N.O.T.E.S.: the progression of a novel and emerging 406 
technique. Surg Oncol 18:95-103 407 
15. Phee SJ, Ho KY, Lomanto D, Low SC, Huynh VA, Kencana AP, Yang K, Sun ZL, Chung SC 408 
(2010) Natural orifice transgastric endoscopic wedge hepatic resection in an experimental 409 
model using an intuitively controlled master and slave transluminal endoscopic robot 410 
(MASTER). Surg Endosc 24:2293-2298 411 
16. Ruurda JP, Broeders IA (2003) Robot-assisted laparoscopic intestinal anastomosis. Surg Endosc 412 
17:236-241 413 
17. Waseda R, Ishikawa N, Oda M, Matsumoto I, Ohta Y, Inaki N, Hirano Y, Watanabe G (2007) 414 
Robot-assisted endoscopic airway reconstruction in rabbits, with the aim to perform 415 
robot-assisted thoracoscopic bronchoplasty in human subjects. J Thorac Cardiovasc Surg 416 
134:989-995 417 
18. Box GN, Lee HJ, Santos RJ, Abraham JB, Louie MK, Gamboa AJ, Alipanah R, Deane LA, 418 
McDougall EM, Clayman RV (2008) Rapid communication: robot-assisted NOTES 419 
 17 
nephrectomy: initial report. J Endourol 22:503-506 420 
19. Haber GP, Crouzet S, Kamoi K, Berger A, Aron M, Goel R, Canes D, Desai M, Gill IS, Kaouk 421 
JH (2008) Robotic NOTES (Natural Orifice Translumenal Endoscopic Surgery) in 422 
reconstructive urology: initial laboratory experience. Urology 71:996-1000 423 
20. Ruurda JP, Broeders IA, Pulles B, Kappelhof FM, van der Werken C (2004) Manual robot 424 
assisted endoscopic suturing: time-action analysis in an experimental model. Surg Endosc 425 
18:1249-1252 426 
21. Kaouk JH, Goel RK, Haber GP, Crouzet S, Stein RJ (2009) Robotic single-port transumbilical 427 
surgery in humans: initial report. BJU Int 103:366-369 428 
22. Rao PP, Bhagwat SM, Rane A, Rao PP (2008) The feasibility of single port laparoscopic 429 
cholecystectomy: a pilot study of 20 cases. HPB (Oxford) 10:336-340 430 
23. Yamataka A, Koga H, Shimotakahara A, Urao M, Yanai T, Kobayashi H, Lane GJ, Miyano T 431 
(2004) Laparoscopy-assisted surgery for prenatally diagnosed small bowel atresia: simple, safe, 432 
and virtually scar free. J Pediatr Surg 39:1815-1818 433 
24. Allemann P, Leroy J, Asakuma M, Al Abeidi F, Dallemagne B, Marescaux J (2010) Robotics 434 
May Overcome Technical Limitations of Single-Trocar Surgery. Arch Surg 145:267-271 435 
25. Torres Bermudez JR, Buess G, Waseda M, Gacek I, Becerra Garcia F, Manukyan GA, Inaky N 436 
(2009) Laparoscopic intracorporal colorectal sutured anastomosis using the Radius Surgical 437 
System in a phantom model. Surg Endosc 23:1624-1632 438 
26. Jin Z, Yin L, Xue L, Lin M, Zheng Q (2010) Anorectal functional results after transanal 439 
endoscopic microsurgery in benign and early malignant tumors. World J Surg 34:1128-1132 440 
27. Diana M, Leroy J, Wall J, De Ruijter V, Lindner V, Dhumane P, Mutter D, Marescaux J (2012) 441 
Prospective experimental study of transrectal viscerotomy closure using transanal endoscopic 442 
suture vs. circular stapler: a step toward NOTES. Endoscopy 44:605-611 443 
28. Denk PM, Swanström LL, Whiteford MH (2008) Transanal endoscopic microsurgical platform 444 
for natural orifice surgery. Gastrointest Endosc 68:954-959 445 
29. Cadière GB, Himpens J, Germay O, Izizaw R, Degueldre M, Vandromme J, Capelluto E, 446 
 18 
Bruyns J (2001) Feasibility of robotic laparoscopic surgery: 146 cases. World J Surg 447 
25:1467-1477 448 
30. Semevolos SA, Reed SK, Gamble K (2007) In vitro bursting pressures of jejunal enterotomy 449 
closures in llamas. Vet Surg 36:64-67 450 
451 
 19 
Figure legends 452 
 453 
Figure 1. Position of the da Vinci surgical system. 454 
 455 
Figure 2. The small intestines were operated in the Tuebingen MIC trainer through the anterior rectal 456 
wall orifice. 457 
 458 
Figure 3. Learning curve for anastomosis time for the different procedures in small intestinal 459 
anastomosis.  460 
 461 






Table 1. Comparison between robot-assisted transabdominal intestinal anastomosis and 467 
robot-assisted NOTES anastomosis and NOTES anastomosis using the TEM device and technique. 468 
 469 
Table 2. Results of the error action analysis. 470 
 471 
Table 3. Comparison between robot-assisted transanal rectal anterior wall closure, TEM closure, and 472 






Table 1. Comparison between robot-assisted transabdominal intestinal anastomosis and robot-assisted NOTES anastomosis and 
NOTES anastomosis using the TEM device and technique 
  Robotic 
transabdominal 
Robotic NOTES TEM NOTES 
p-value 
   
Robotic transabdominal vs. 
Robotic NOTES 
Robotic NOTES vs. 
TEM NOTES 
   
Burst pressure (mm Hg) 
 
73.3±18.2 67.7±29.3 20.3±24.0 
 
n.s. 0.0008 
Anastomosis time (min) 
 
24.8±4.1 35.3±10.8 58.1±5.6 
 
0.0047  0.0004 
Number of stitches 
 





69.2±9.6 71.9±7.2 49.6±8.2 
 
n.s. 0.0001 
        
Distance between stitches > 5 




11/12 (91.7%) 12/12 (100%) 8/12 (66.7%) 
   
 ×1 
 
1/12 (8.3%) 0/12 (0%) 2/12 (16.7%) 
   
                ×2 
 
0/12 (0%) 0/12 (0%) 2/12 (16.7%) 
   
        
Burst site 




4/12 (33.3%) 1/12 (8.3%) 3/12 (25.0%) 
   
Running suture 
 
8/12 (66.7%) 11/12 (91.7%) 7/12 (58.3%) 
   
Caudal edge 
 
0/12 (0%) 0/12 (0%) 2/12 (16.7%) 
  
  
n.s., not significant (n=12) 
 




Robotic NOTES TEM NOTES 
p-value 
Robotic transabdominal vs. 
Robotic NOTES 
Robotic NOTES vs. 
TEM NOTES 
Stitching phase  
     
    Failure to grasp the needle 0 (0–0) 0 (0–0) 0.3 (0–3) n.s. n.s. 
    Failure to grasp the tissue 0 (0–0) 0.1 (0–1) 1.8 (0–7) n.s. 0.0009  
    Failure to enter the needle 0.8 (0–3) 1.6 (0–7) 5.4 (3–9) n.s. 0.0007 
    Failure to exit the needle 0 (0–0) 0.3 (0–2) 0.5 (0–1) n.s. n.s. 
    Total failed actions in the stitching phase 0.8 (0–3) 1.9 (0–7) 7.9 (5–12) n.s. 0.0003 
      
Knot phase 
     
    Failure to grasp the wire 3.2 (1–8) 2.6 (0–5) 5.0 (1-–2) n.s. n.s. 
    Failure to loop 2.4 (0–7) 4.0 (1–20) 5.9 (2–18) n.s. n.s. 
    Failure to pull through 0.8 (0–2) 0.6 (0–2) 1.8 (0–3) n.s. 0.0114  
    Total failed actions in the knot phase 7.2 (4–10) 6.4 (1–24) 12.7 (5–26) n.s. 0.0083 
      
Both phases 
     
    Needle drops 0 (0–0) 0.1(0–1) 1.3 (0–3) n.s. 0.0078 
    Thread breaks 0.6 (0–2) 0.3 (0–2) 0 (0–0) n.s. n.s. 
      
Total failed actions in both phases 7.7 (4–14) 9.5 (1–30) 21.9 (13–35) n.s. 0.0006 
n.s., not significant (n=12) 
 
Table 3. Comparison between robot-assisted transanal rectal anterior wall closure, TEM closure, and open closure 
 TEM NOTES Robotic NOTES Open 
p-value 
 
TEM NOTES vs. 
Robotic NOTES 
Robotic NOTES vs. 
Open 
 Burst pressure (mm Hg) 95.5±43.5 149.9±81.1 195.0±60.5 n.s. n.s. 
Anastomosis time (min) 25.2±1.6 18.7±3.7 5.9±0.8 0.0005  0.0000  
Number of stitches 10.5±1.6 11.3±0.8 11.3±0.5 n.s. n.s. 
n.s., not significant (n=12). 
 
